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Introduction

* In the Standard Model, Higgs-fermion Yukawa interaction generates mass for
fermions

 Large scale in fermion masses is a mystery (one of hierarchy problems in SM)

* The Higgs sector of the Standard Model Lagrangian is the origin of CKM matrix, so
measuring Yukawa coupling may hint on CKM matrix
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All Higgs to third generation fermion couplings have been observed
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Second generation fermion Yukawa coupling searches progressed well, with evidence on H->pp and

H->cc upper limit set to O(10) level

All measured results are compatible with SM predictions
Tao Wang (USTC)



Apparatus (A

44m

LAS, CMS)

LAr hadronic end-cap and
forward calorimeters

Solenoid magnet | Transition radiation tracker
Semiconductor tracker

Muon chambers

ATLAS (left) and CMS (bottom) are two
multi-purpose detectors at the Large
Hadron Collider which target Higgs/EW
physics, and search for new physics

CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes STLICON TRACKERS

Overall diameter : 15.0 m Pixel (100x150 gm) ~16m* ~66M channels
Overall length ~ :28.7m Microstrips (80x180 ym) ~200m* ~9.6M channels
Magnetic field 38T

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drilt Tube, 480 Resistive Plate Chambers
Endecaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m? ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PHWO, crystals

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels
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Data and Performance

Physics successes owing to precise understanding
of e, Y, jets, E;™ss, and tagging of heavy-flavor jets

CMS Integrated Luminosity, pp, vs= 7, 8, 13 TeV

Data included from 2010-03-30 11:22 to 2018-10-26 08:23 UTC
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Run: 284213
Event: 1927020336
2015-10-31 04:17:36 CES




H—>Dbb

* Probe the Higgs coupling to third generation bottom type quark

e Observed mainly with VH production channel (pp—>VH, H->bb)
* ~50 detection at both ATLAS and CMS in 2018

* B-jet tagging is one key factor
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H—>Dbb

ttH

1%

VH

4%
VH
VBF
ggF

ggf | | . " combined

88%

g g fusion

resolved

boosted

boosted

6.70

2.10
2.9

*:139fb1 13 TeV

Tao Wang (USTC)

EPJC 81, 178 (2021)
PRL121,121801 (2018)
EPJC 81, 537 (2021)
JHEP 03, 268 (2021)
PRL 120, 071802 (2018)
PRD 92, 032008 (2015)

* Significance has been improved for VH resolved channel
* VH boosted channel has been explored and is progressing

* VBF channel has gained improvement and reached evidence

ATLAS

CcMS

4.80 7 TeV+8 TeV+41.3 fbl 13 TeV
2.20 19.8 fbLand 18.3 fb1 8 TeV
1.50 35.9 fb1 13 TeV

5.60 7 TeV+8 TeV+41.3 fb 13 TeV


https://doi.org/10.1140/epjc/s10052-020-08677-2
http://dx.doi.org/10.1103/PhysRevLett.121.121801
https://link.springer.com/article/10.1140/epjc/s10052-021-09192-8
https://link.springer.com/article/10.1007/JHEP03(2021)268
http://dx.doi.org/10.1103/PhysRevD.92.032008
http://dx.doi.org/10.1103/PhysRevLett.120.071802

Highlights: H>bb boosted

* “Boosted” bb pairs > merged large-R jets new physics sensitivity!
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* Search H->bb out of enormous backgrounds Differential measurement in pT bins shows good
* Probe H->bb at TeV scale agreement with SM

*
(*) ATLAS also has one boosted ggF result underway Tao Wang (USTC)



Highlights: Probing VBF production channel

Events / 8 GeV (Weighted, Bkg.-subtracted)
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Weighted Events / 10 GeV (Bkg.-subtracted)
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H->TtT




ATLAS-CONF-2021-044
PLB 779, 283 (2018)

H %TT JHEP 06 (2019) 093

* Probe the Higgs coupling to third generation lepton — tau

* First observed in ATLAS+CMS combination with Run 1 data

* T lepton need to be identified properly
* electron/muon for leptonic decay
* jet tagging/ML for hadronic decay

ATLAS 139 fb! 13TeV CMS 36 fb! 13TeV

VH ~50% ~100%

VBF 20% 30%

ggF 30% 90%
Combined 10% 25%

H—>1t cross section measurement precision

Tao Wang (USTC) 12


https://cds.cern.ch/record/2779179
http://dx.doi.org/10.1016/j.physletb.2018.02.004
http://dx.doi.org/10.1007/JHEP06(2019)093

H—>TT

* Detailed measurements have been performed
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Highlight on study of CP structures

> new physics possibility

|
* Htt channel is one of optimal channels for CP studies in pp collisions

VBF events with CP-odd sensitive
matrix-element variable

Inclusive events looking at T decay
planes with Machine learning
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Odd-even Mixing angle
constrained to -1+/-19° at 68% CL
0+/-21° expected
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ATLAS H—>cc

EXPERIMENT
Run: 303892
Event: 4866214607
2016-07-16 06:20:19 CEST




H—>cc

* Probe the Higgs coupling to second generation up type quark —charm

* Challenging part: charm tagging

charm jet

distinguish{ light/gluon jet
bottom jet

Features:

* impact parameters
e secondary vertices
* topology

Fraction of jets
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JHEP 03 (2020) 131 b jet efficiency

Working point achievable:
c eff: 20-40%, b rejection: ~10,

light rejection: ~50
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H—>cc

* VH production channel is the main channel explored so far

Combination
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ZH(H— ct)

u=36+24
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CMS: partial dataset, ML analysis
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ATLAS: full dataset, cut-based analysis
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ATLAS

EXPERIMENT

Run: 281411
Event: 312608026
2015-10-11 18:40:58 CEST




H—=>

* Probe the Higgs coupling to second generation lepton — muon

 Signature is clear, treatment for enormous backgrounds needed
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Highlight: 30 evidence for H2>uu

Bkg. composition Signal composition

Signal categorization
ATLAS, \/s=13TeV, 139 fb", Houu
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ATLAS achieved 2o, CMS achieved
30. Combined, they can offer a
strong 3o evidence

Tao Wang (USTC) 20



Rare Higgs decays

e Rare channels for bottom and charm: H2J/y, (2s), Y(ns) +y
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Rare Higgs decays

e Rare channels for strange: H->p, ¢+y
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Current upper limit on
branching ratios:
~103-10*

while SM prediction
for branching ratio is
~10>-10°
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Summary

* Higgs couplings to 3rd-generation fermions are well established. All
measurements are consistent with the Standard Model predictions

 Large branching fractions to b quarks make it possible to probe high-p" Higgs
production

e Search for H>up decays gained evidence. As for H=cc, the upper limit has
gained significant improvement and has been set to 26 x SM prediction

* Higgs decaying to very rare channels have been searched for. No obvious
deviations were found

* The searches have been done with diversity to reach most optimal results for
each generation

* More detailed probe underway and to be followed up with LHC Run-3, and with
HL-LHC



Thankss for listening!



Backup
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H—> U categorizations
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charm-tagging taggers

* Input variables used by the MV2 and the DL1 algorithms:

* |[P2D/IP3D
* log(Py/Pright)
* log(Pp/Fc)
* log(Pc/Plight)
* SV1
* JetFitter
* JetFitter c-tagging

Event fraction

Vs=13 TeV, tt
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